Introduction
Vitamins of the K group are substances that improve blood clotting and indirectly affect the calcification of bones [1] . The main natural vitamins of K group − vitamin K 1 (phylloquinone), which enters into the human body from plant-based foods, and vitamin K 2 (menaquinone), which is produced by bacteria of the intestine are derivatives of 2-methyl-1,4-naphthoquinone, which also has vitamin activity and named Vitamin K 3 [2] . The main industrial process for production of 2-methyl-1,4-naphthoquinone is the oxidation of 2-methylnaphthalene by chromate [3] . Production of Vitamin K 3 , according to this technology, is not environmentally friendly because of the large amount of wastewater containing toxic chromium compounds. Moreover, such production is not economical because the yield of the basic product does not exceed 40% [4] . Also, 98%), 2-methyl 1,4-naphthoquinone (C 11 H 8 O 2 , Acros, 98%), hypercrosslinked polystyrene (MN-270, Purolite),
Synthesis of Au supported hypercrosslinked polystyrene
The 1% Au/HPS catalyst was prepared as follows: 3 g of polymer was impregnated with the required amount of precursor (Ph 3 PAuCl or HAuCl 4 ·2H 2 O) in 6.2 mL of THF under stirring and dried at 70°C. Next, the catalyst was treated with 1 g of Na 2 CO 3 in 12 mL of H 2 O. Then, it was dried again, washed to a pH of 7 and then finally dried. The catalytic systems were synthesized − 5% Au/ HPS (HAuCl 4 ·2H 2 O), 1% Au/ HPS (HAuCl 4 ·2H 2 O), 1% Au/HPS (Ph 3 PAuCl).
2-methylnaphthalene oxidation methodology
A solution of the substrate in the appropriate solvent (20 mL) was prepared at a predetermined concentration and was placed in the reactor. The high stirring rates employed here ensured good mixing without diffusion limitations. Samples of the reaction mixture were periodically removed for the analysis. The oxidation process was carried out at the following reaction conditions: reaction temperature 80°C, substrate initial concentration 0.035 mol L -1 , V CH3COOOH 8 mL.
Reaction media analysis
Analysis of the substrates and products was performed using GC-MS «Shimadzu-2010 MS» chromatograph, a capillary column HP-1MS (USA) with a length of 30 m and an internal diameter of 0.3 mm. The thermostat temperature was held at 260°С, evaporator temperature at 280°С, and the analysis period was 25 minutes, with a sample volume of 1 µL. The calibrations were used for the determination of intermediate and product concentrations.
Results

Synthesis of 2-methyl-1,4-naphthoquinone by oxidation of 2-methylnaphthalene using peracetic acid as oxidant
At first, the homogenous synthesis of 2-methyl-1,4-naphthoquinone was investigated. As oxidizing agents, peracetic acid and chromic anhydride were used. Oxidation with peracetic acid proceeds with a higher selectivity than with conventional oxidant. Maximum selectivity of homogeneous synthesis of 2-methyl-1,4-naphthoquinone by oxidation of 2-methylnaphthalene with peracetic acid does not exceed 43% at 99% conversion (Table 1 ) .
On the basis of experiments, the optimal parameters were determined for homogeneous synthesis of 2-methyl-1,4-naphthoquinone by oxidation of 2-methylnaphthalene with peracetic acid: the temperature is 80°C, 0.25 g of the substrate, the solvent volume is 50 mL, oxidant concentration is 0.82 mol/l, and the reaction time is 2 hours.
Synthesis of 2-methyl-1,4-naphthoquinone by oxidation of 2-methylnaphthalene using Au-containig systems
In the next, step the Au-containing heterogeneous systems based on the hypercrosslinked polystyrene were synthesized. To obtain gold particles, HAuCl 4 ·2H 2 O and Ph 3 PAuCl salts were used as precursors. Thus gold containing heterogeneous systems containing 1 and 5% of gold were synthesized. Table 2 shows the results of testing of gold catalysts. 1% Au/HPS heterogeneous system synthesized using as a precursor Ph 3 PAuCl showed very high selectivity compared with other synthesized composites. * conversion , ** selectivity , ∑S 1 -the sum of peak areas of all products, ∑S 2 -the sum of the peak areas of products and substrate, S 3 -peak area of the product. Oxidation process conditions: solvent − glacial acetic acid, m substr = 0.25 g, V solv = 50 mL, T = 353 K, t = 2 hours.
Discussion
The use of gold, hypercrosslinked polystyrene samples, with differing metal content contributed to the highselectivity of the oxidation process. This process, which is based on the hypercrosslinked polystyrene synthesizing by an impregnation method, using H 2 AuCl 4 ·2H 2 O and Ph 3 PAuCl as precursors, nearly doubled the rate of 2-methylnaphthalene oxidation compared to the previous homogeneous process. Oxidation process conditions: solvent -glacial acetic acid, m substr = 0.25 g, V solv = 50 mL, T = 353 K, t = 2 hours, m cat = 0.05 g.
